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Abstract 
We present a new approach to predicting the location of sources of flakeable stone 
using GIS modelling of raw material proportions obtained from site assemblage data. 
This approach offers a valuable tool for locating potential source areas and 
investigating past lithic provisioning and landuse when abundant site assemblage data 
is available but precise source locations are unknown. Using published and grey 
literature on raw material composition for 84 sites, we generate a model of varying 
raw material concentrations for the Moreton Region of Southeast Queensland, 
Australia, and test our predicted source locations against known prehistoric quarries, 
geology maps and ground trothing of two key predicted areas with distinctive raw 
materials. Our results suggest distinct source areas are identifiable, suggesting that 
primary outcrops are more important sources of stone in this region than large streams 
and rivers. 
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Introduction 
A key step in understanding past lithic procurement and landuse is the location of raw 
material sources exploited by past human societies. In the absence of known sources 
or very fine-scale geological mapping, a Geographic Information System (GIS) 
approach can help predict likely ‘source zones’, or zones of high material 
concentration from which stone is likely to have been procured (see also Hiscock and 
Allen 2000 for discussion of source zones). This approach uses raw material 
composition data from published and grey literature for sites located across the region 
to generate predictive models of possible source location. Determining the location of 
‘source zones’ from which people frequently obtained useable stone can help 
reconstruct past systems of landuse and social interaction by understanding the origins 
and transport distances of lithic materials. Understanding the ‘lithic landscape’ is 
therefore a common first step in many regional lithic studies.  
 
Here we assume that raw material proportions in archaeological sites may be a useful 
means of reconstructing source zones because we expect that material use will reflect 
raw material availability to some degree (Andrefsky, 1994; Brantingham, 2003). The 
shifting concentrations of materials found at points across the landscape are often 
expressed as distance decay relationships, whereby the transported supply of lithic 
material is differentially discarded and replaced as it is expended and as new stone 
sources are encountered (Brantingham, 2003; Byrne, 1980; Newman, 1994). 
Procurement and discard patterns therefore reflect the ever-changing mobility costs 
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associated with exploiting raw materials located at varying distances from individuals 
or groups as they travel through the landscape or choose which sources to target for 
resupply.  
 
Raw materials that are transported long distances also often undergo pre-processing to 
remove non-utilitarian components such as cortex or early-stage shaping flakes, 
resulting in more reduced and smaller quantities of stone located further from source 
zones (Beck et al., 2002; Clarkson, 2007; Metcalfe & Barlow, 1992). This should also 
result in accumulations of early stage reduction at or closer to source areas. Artefacts 
transported long distances may also experience more intensive reduction to maintain 
tools or generate new tools from the transported supply, resulting in a diminishing 
supply and often more heavily reduced artefacts further from source. This relationship 
between material quantity and reduction intensity is well theorised and well-
documented in studies of regional-scale patterns of assemblage variability and 
reduction intensity in Australia and world-wide (Byrne, 1980; Clarkson, 2002, 2007; 
Hiscock, 1988; Hiscock and Allen 2000; Holdaway, Shiner & Fanning, 2004; Jochim, 
1976; Madsen et al., 1996; McNiven, 1993; Miller, 1997; Newman, 1994; Ricklis & 
Cox, 1993; Shiner, 2006). The operation of distance decay mechanisms means that 
‘procurement zones’ might be identified archaeologically by examining both 
changing proportions of artefacts in sites as well as the degree of reduction evident for 
transported artefacts.  
 
Our study explores the feasibility of detecting source zones using artefact 
concentration data recorded from open sites and rockshelters in the Moreton Region 
of Southeast Queensland (SEQ), Australia (Figure 1). This region has seen sustained 
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archaeological survey and excavation for more than 50 years (Hall, 1980; Hall & 
Robbins, 1984; McNiven, 1989, 1999; McNiven, Thomas and Zoppi, 2002; Neal & 
Stock, 1986; Ponosov, 1965; Smith, 2000; Ulm, 2002; Walters, 1992). The 
distribution of sites across the region is not uniform. Artefacts found in archaeological 
sites in the region are diverse; however, precise source locations are not well known 
and have rarely been investigated in detail. It is therefore valuable to develop a means 
of predicting source zones in order to understand procurement and transport of lithic 
materials within the region as a basis for reconstructing past patterns of settlement and 
subsistence. This may yield information on the relative importance of primary (i.e. 
stone outcrops) versus secondary sources (i.e. streams and river beds) of stone as 
procurement zones in the SEQ region.  
 
GIS analysis is a powerful tool for analysing spatial associations and patterning in 
archaeological data that has become virtually synonymous with landscape-scale 
analysis of archaeological features and assemblages. The majority of past GIS 
archaeological predictive modelling exercises are concerned with cultural heritage 
management, site prospection, determining landscape and heritage sensitivities and 
tracing human migrations (Clark, et al., 1998; Custer, et al., 1986; Field and Petraglia, 
2007; Fry, et al., 2004; Rowland & Connolly, 2002). Archaeological studies that have 
used predictive modelling and spatial analysis to understand lithic resource 
distributions have typically employed geological rather than archaeological data 
(Duke & Steele, 2010; but see Goings, 2003), or have used archaeological data only 
to a limited degree (Doelman, et al., 2008).  
 
Interpolated surfaces, and particularly splines, have proved a useful tool in developing 
predictive models with a wide range of applications. They generate surfaces using an 
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underlying function that explains relationships between data. Spatial and regional-
scale applications of these methods are relatively under-exploited in archaeology. In 
this paper we use a spline function as this is a conservative measure that takes into 
account all sampled points and minimises the curvature of the surface function 
(Azpura and Dos Ramos 2010). Archaeological applications of spline interpolations 
have been used in manipulation of a range of spatial data, such as GPR data (Piro and 
Campana 2012), and even artefact shape analysis (Drap 2009; Schindler, Kampel and 
Sablatnig 2001).  
 
Here we employ GIS analysis of archaeological data to determine to what extent it is 
possible to locate raw material procurement zones by identifying ‘hot spots’ where 
high concentrations of certain material are present at sites. Independent checks on the 
spatial predictions of source locations are then made using geological maps, 
previously identified quarry sites, ground truthing, and changing patterns of retouch 
intensity.  
 
The Study Area 
The study area is defined by the catchment boundary of Moreton Bay and 
geographically contiguous catchments to the north and south of the Bay (Figure 1) 
(Hall & Hiscock, 1988:4). The region is bounded by the Pacific Ocean in the east 
(which includes the islands of North and South Stradbroke, Moreton, and Bribie), the 
New South Wales border in the south, the Great Diving Range to the west and the 
northern extents of the Brisbane and Maroochy River catchments. This definition is 
largely based on biogeographical notions of catchments. While the indigenous 
inhabitants of the region may not have perceived their landscape in this way, Lilley 
(1984:21) has noted some similarities between ethnographically recorded social 
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territories and the biogeographical boundaries and units of the Moreton Region. 
Although environment may have had a profound influence on certain kinds of human 
behaviour in the region, past settlement patterns, cultural beliefs, trade and group 
boundaries may only be weakly connected to biogeographic zones as defined here. 
 
Archaeological predictive modelling exercises have been attempted in the Moreton 
Region in the past, however, these have been aimed either at determining the location 
of Aboriginal ceremonial earthen circles (aka ‘bora rings’) (Satterthwait & Heather, 
1987), or the relationship between site location and ecological zones (Rowland & 
Connolly, 2002; Smith, 2000). While regional stone procurement has formed a key 
issue in local archaeology (Bonica, 1992; Gillieson & Hall, 1982; Hiscock & Hall, 
1988a, b; Hall & Love 1985; McLaren, 2002), this is the first study to perform a large 
scale analysis of patterns of lithic procurement and reduction in the region. 
 
A model of seasonal aggregation and dispersal of the sub-coastal population of 
Moreton Region was developed by Lilley (1982, 1984, 1985) in the mid-1980s, based 
largely on ethnohistorical accounts. This model made certain predictions about raw 
material procurement in the region. The pattern of Aboriginal landuse proposed by 
Lilley suggested base camps tended to cluster along major rivers and that populations 
dispersed into smaller short-term camps alongside major tributary streams in foothill 
settings according to seasonal resource availability (Lilley, 1984:27). The aggregation 
and dispersal model posits that the riverine zone was the favoured source of stone 
material (Lilley, 1982:37), whereby transported river cobbles could be directly 
obtained adjacent to major campsites. In the Moreton Basin biogeographic province, 
GIS analysis has confirmed that the majority of sites do occur near rivers and streams 
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(Rowland & Connolly, 2002:57), and hence Lilley’s model of procurement from 
secondary sources provides a viable model that will be tested below using GIS 
predictive analysis.  
 
Methods 
The core of the spatial analysis employed in this study is the creation of an 
interpolated surface using Multi B-Spline as developed by Lee et al. (1997), 
implemented via built-in modules in SAGA-GIS package. This type of spline 
interpolation is quite conservative and is better suited to sparse, non-uniform datasets 
when compared to other interpolation methods (Lee, et al. 1997:230).  
 
In spatial modelling, areas with a greater number of data points (in this case, sites) 
will provide a better reflection of the real world than areas with fewer surrounding 
points, and this will have important consequences for error generation and the 
accuracy of predictions (Goings, 2003:57). In the Moreton Region the majority of 
sites are found in coastal and sub-coastal areas, reflecting higher past Aboriginal 
population densities as well as more intensive research and cultural heritage work. We 
therefore assume that the results of this predictive modelling exercise will be more 
accurate for coastal areas. Various sampling techniques, although providing slightly 
different results with regression analysis, appear to generate very similar outcomes 
when geospatial processing (such as interpolation) is applied. Interpolation, as a 
generalisation technique, allows for inconsistencies and variations in the data quality 
to be softened. 
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A limitation of our modelling is that source areas outside the study region are 
excluded from the predictive models we generate. It is very likely that several of the 
sites on the boundaries of the region contain materials deriving from outside the 
region. However, as these sites may also contain raw material proportions of 
relevance to sources within the region, they have been included in the analysis. 
 
All sites are treated equally in terms of their weight as point data on a map. However, 
significant differences may exist between sites that have only surface scatters 
recorded and those that have an excavated component and may incorporate long 
periods of occupation and landuse, including changes in raw material use (Baker, 
1978:288). A necessary limitation of this study is that data are only analysed in terms 
of spatial variation and no attempt is made to take account of time. Data are therefore 
time-averaged, meaning that all data are treated as representative of simultaneous 
phenomena even though those activities took place over many millennia. This ignores 
issues such as culturally imposed resource limitations (Guilfoyle, 2005; Ross, et al. 
2003), changing mobility and resource selection (Clarkson, 2007; Lyman 2003:606), 
and potential resource depression (Broughton, 2002), which will all affect the 
proportions of materials found in sites. A time-averaging approach will of course 
mask any temporal changes and patterns that may be present in the data. However, 
this approach is unavoidable as most sites are unstratified surface finds and few sites 
have associated absolute dates. 
 
Two relational databases were created to investigate spatial patterning and predict 
procurement zones for certain raw material types. The first database contained 
material composition data for each site (e.g. chert, quartz, quartzite, silcrete, volcanic 
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and other). Sites consisted of excavated rock shelters (N = 5), excavated open sites (N 
= 16), and surface artefact scatters (N = 63). The distribution of sites used in this 
analysis is shown in Figure 2. The second database contained Longitude and Latitudes 
for each site. All locations were initially recorded in decimal degrees and then 
converted to GDA 1994 MGA ZONE 56 projection for consistency with other GIS 
datasets used. Known quarry sites provide an additional data layer, although this data 
was only used in testing of predictions and is by no means a complete or even 
representative sample of quarries in the Moreton Region. 
 
Data on assemblage composition was collected from 84 sites in the Moreton Region 
(Figure 2), with the aim of providing adequate coverage across the region. The 
majority of sites are open scatters (N = 63, 75%), a limited number are excavated 
open sites (N = 16, 19%), and several are excavated rockshelters (N = 5, 6%). Sites 
had an average of 281 artefacts, with a minimum of three and a maximum of 5829 
artefacts. 
 
Five main stone types were recognised in this analysis: chert, silcrete, quartzite, 
quartz and volcanic stone.  The majority of the site composition data was obtained 
from the 'grey literature' such as cultural heritage reports, as well as original data 
collected from artefact collections in museums and universities. A smaller dataset was 
compiled from published articles and theses.  
 
The wide disparity in site characteristics meant that different sampling techniques 
were undertaken for various analyses. Tests were undertaken using a) the complete 
dataset, b) a sample of sites where the number of artefacts numbered greater than 10, 
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and c) a sample where the sites are located in denser areas (where number of sites are 
>5 in a 50km2 grid). 
 
The site data was converted to a point feature file in ESRI shape format. Each point 
represented a single site and each point had an attribute for each material proportion. 
SAGA-GIS software was used to generate the b-spline model. The b-spline models 
were generated as a raster surface with a resolution of 1 pixel = 100 meters. For each 
class of material, a spline surface was generated with the proportion of material used 
as the variable. These were exported as ESRI Ascii grids and imported into 
MapWindow for visualisation. The value of each pixel was coloured by a gradient of 
white to black representing an artefact proportion of 0 to 100%. 
 
Geological data was drawn from the Geoscience Australia 'Surface Geology of 
Australia 12.5 million scale dataset 2010 edition' and Geology Map Brisbane 
(Whittaker and Green 1978). Quarry data was collated from published reports and 
collected from cultural heritage reports. 
 
Spatial Analysis was undertaken using SAGA-GIS and MapWindow GIS - two 
versatile free-ware GIS applications. The strengths of SAGA-GIS lie in analytical 
techniques, whereas MapWindow GIS was used for simpler data manipulation and 
graphical representation (mapping) of the results. 
 
Ground truthing was undertaken at two locations, in the Beaudest region and at 
Wongawallen east of Mount Tambourine, and involved field survey in areas where a 
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high density of distinctive raw material was detected using interpolation mapping to 
determine whether primary outcrops were present.  
 
Results 
The first observation we make from the results is that certain raw materials occur 
much more frequently in the region than others. Chert is the most common raw 
material across the region in terms of overall abundance (Figure 3), whereas silcrete is 
found in the greatest number of sites (Figure 4). Quartzite, quartz and volcanic stone 
are far less common. Different sampling methods to do not greatly change the 
proportions and occurrence of materials across the samples (Figure 5). 
 
We also find distinct clustering of different material types in different parts of the 
Moreton Region, as shown in Figure 6. Interpolation maps generated from material 
proportion data for each site indicate isolated and distinct ‘hotspots’ for each material 
type. Visual inspection of the interpolated maps shows that there are only small 
differences in results when different sampling methods are used. Figure 7 illustrates 
the insubstantial differences in interpolated results for chert and silcrete when the data 
are sampled in different ways. 
 
The hotspots located using interpolation methods should allow us to locate areas 
where materials were commonly available. Indeed, our inspection of geology maps 
for the region reveals that hotspots commonly fall within potential outcrop areas for 
each given stone type (Table 1). For instance, the interpolated peaks in chert 
proportions overlie outcrops of Helidon Sandstone, the Marburg Formation and the 
Neranleigh-Fernvale Beds that are all known to contain chert. Likewise, silcrete 
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hotspots overlie outcrops of Landsborough Sandstone, Woogaroo Subgroup, Oxley 
Group, Walloon Coal Measures and the Marburg Formation where silcretes are 
known to occur. This suggests that hotspots correspond to raw material source zones. 
However, when the results are compared with Geoscience Australia GIS data using 
regression analysis, few strong relationships exist (Table 2). This is because not all 
occurrences of these geological formations contain suitable raw materials for flaking 
and hence simple correlations between broad geological formations and raw material 
proportions cannot be obtained. The detection of raw material source zones from 
archaeological data is therefore presently a more powerful means of detecting source 
zones. Stronger correlations between interpolated source zones and geological 
formations may be found in areas where geology is mapped at finer scales.  
 
A second test of the success of interpolation mapping in locating potential source 
zones is to explore the fit between interpolated hotspots and the few known quarry 
sites recorded on the Queensland Government’s site register for the region as well as 
several quarries discovered during ground truthing of predicted source zones. The 
results of this test are shown in Figures 8 and 9 and indicate a very good fit between 
predicted source zones and known quarry sites, although the statistical strength of this 
relationship remains weak (Table 3).  
 
This first set of results confirms the value of interpolated material proportion data in 
helping predict source zones in the absence of information about quarries or local 
geology. The presence of numerous hotspots for which no information on quarries 
exists therefore gives reason to suggest that numerous quarries remain to be 
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discovered. The interpolation map could therefore provide valuable guidance in 
locating such quarries in future surveys. 
 
A third test of a predictive approach to detecting source areas is to examine whether 
rare but highly distinctive stone materials can be pinpointed from material 
concentration data. One such distinctive stone is Wongawallen Jasper (McLaren 
2002). We were able to find proportions of Wongawallen Jasper recorded for several 
archaeological sites in the southern part of the study area, allowing generation of the 
interpolation map shown in Figure 10. This map shows a hotspot which was 
confirmed through ground truthing as the location of a primary jasper outcrop, despite 
the source itself not having been included in the dataset. A second, though smaller 
hotspot, appears to the south of the Logan River, suggesting a previously unknown 
source of jasper could be located in that region. Ground truthing of this location has 
not yet been attempted. 
 
In addition to helping identify potential source zones, our analysis also unexpectedly 
revealed a problem of misidentification of common stone types in the region. We 
detected confusion over the identification and classification of silcrete and quartzite. 
These were presented as mutually exclusive categories in our dataset, such that one 
type is absent when the other is present. Quartzite and silcrete can resemble one 
another visually, and this similarity has evidently resulted in the frequent 
misidentification of silcrete as quartzite, as sites with high proportions of quartzite 
nearly always fall within silcrete hotspots, as indicated by the polka-dotted 
appearance of the silcrete and quartzite interpolation maps shown in Figure 6. 
Interpolation mapping may therefore prove a useful tool not only for detecting 
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potential source zones but also for resolving inconsistencies in material identification 
between individuals.  
 
Distance Decay 
Another potential application of interpolation mapping lies in exploring distance 
decay relationships away from or between raw material source areas. Figure 12 plots 
the changing interpolated proportions of raw materials found along a transect from 
north to south (Figure 11) through the centre of the study region, covering a distance 
of around 100km. The results show a pattern of distance decay, with distance to 
source resulting in reducing raw material frequencies, with chert becoming more 
abundant in the north, and silcrete more abundant in the south. This distance decay 
relationship is very strong and significant for both chert (r2 = 0.7550, p < 0.0001) and 
silcrete (r2 = 0.6745, p < 0.0001). Such transect mapping would be useful in 
developing predictive models of site composition for archaeological surveys or for 
cultural heritage mapping. It would also be effective in helping detect the influence of 
unknown source zones when actual assemblage composition departs radically from 
predicted trends.  
 
Several peaks and dips in material proportions occur along the north-south transect 
shown in Figure 12, and these appear to correspond to river and stream crossings that 
represent secondary sources of raw material. For example, the proportion of silcrete 
briefly increases upon crossing the Logan River which transports silcrete from 
sources further upstream.  The proportion of silcrete drops dramatically, on the other 
hand, upon crossing the Brisbane River with chert rising dramatically in its place. 
These fluctuations in raw materials proportions are consistent with the locations of hot 
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spots shown in Figures 8 and 9. Interestingly, unlike silcrete, chert never saturates 
assemblages in the north despite being the dominant raw material, perhaps because 
additional sources of quartz, quartzite and volcanic stone are available in the north. 
This is consistent with the notion that the material diversity of mobile hunter-gatherer 
toolkits should reflect local raw material availability and time since last procurement, 
and hence many sources encountered on route will tend to enter the transported 
supply until new and better sources are encountered (Brantingham, 2003; Clarkson, 
2007). This is also consistent with the notion of embedded procurement (Binford 
1979). 
 
Interpolation mapping therefore provides a valuable tool for identifying the 
interacting effects of likely but unrecorded stone sources on material proportions in 
sites in the region. In this case simple distance decay relationships are shown to be 
interrupted by the location of secondary sources in the form of rivers and streams 
where cobble beds contain a fluvially transported supply of flakeable stone. 
Furthermore, we see that some sources exert a strong effect on assemblage material 
diversity, such as silcrete in the south, whereas other sources either play a lesser role, 
or are located close to a number of other sources that were also desirable for stone 
tool manufacture, as seems to be the case for chert in the north of the study area.  
 
The influence of rivers and streams on procurement practices can also be explored 
using the data gathered in this study. Regression analysis of the degree of correlation 
between distance to major watercourses and the proportions of materials found in sites 
provides a means of testing for the importance of rivers as source zones in the study 
region.  
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As seen in Table 4, distance to rivers and streams shows a very weak and non-
significant relationship with material proportions. Further exploration of relationships 
with streams and rivers can be undertaken at the sub-catchment level (Table 5). The 
five major catchments in the region, Brisbane River, Maroochy River, Pine Rivers, 
Logan-Albert Rivers, and the South Coast Rivers (including Nerang River), were each 
examined for relationships between distance to watercourse and proportions of each 
material type (Figure 13, Table 4). Once again no strong relationships exist, with the 
strongest being between concentrations of quartz and distance to watercourses in the 
Maroochy River catchment (r2 = 0.7686; p = 0.0219), where the proportion of quartz 
actually increases with distance from watercourses.  In short, few strong or consistent 
relationships are evident between watercourses and material proportions in 
archaeological sites, demonstrating that rivers and streams were unlikely to have been 
the dominant source of raw materials in the Moreton Region (contra Lilley 1982, 
1984, 1985). 
 
The predictive power of distance from geological sources in explaining raw material 
concentrations in the study region is further explored by examining the interaction of 
variables in a multi-regression model. A multi-regression analysis was performed 
examining the relationship between raw material composition and distance to either a 
known quarry or an area identified as conducive to chert or silcrete outcrop, and 
distance to rivers and streams, as shown in Table 6. Models for both chert and silcrete 
have relatively high r2 values, indicating that 30% - 50% of the variability in material 
proportions in archaeological sites can be explained by these two variables alone. 
Including distance to rivers and streams in the model decreases the p values for these 
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models (Table 7). Looking at each variable in isolation, all variables are statistically 
significant except distance to rivers and streams. This suggests that stone was more 
frequently procured from primary outcrops. However, distance decay patterns do not 
completely explain observed variability in site composition, and hence other unseen 
factors must also play a role in the distribution of materials across the region. These 
likely include social interaction and exchange. 
 
 
Conclusion 
We have presented a novel approach to locating possible lithic source zones using site 
material composition data where diverse raw material sources exist but their locations 
are largely unknown. Our analysis was able to yield four significant findings that 
would be important to any field project concerned with understanding the distribution 
and use of raw materials in the landscape: 
1. prediction of the locations of likely source zones that fit well with the location 
of known quarries, 
2. detection of inconsistencies in material identification that may confuse 
predictive models and suggest the need to build consensus among local 
archaeologists over material identification,   
3. generation of distance decay models that portray the influence of secondary 
sources on material concentrations and may be helpful in predictive modelling 
for heritage and research, 
4. demonstration of the power of GIS in interrogating and making use of data 
languishing in grey literature, reports and museum collections to solve new 
research problems.  
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While the approach was largely successful, the patchiness of the data has resulted in 
inaccurate or overly generalised results in some areas.  Information is sparse for the 
western part of the region, for instance, and interpolations are problematic for this 
area. Only further research and survey will strengthen results in these areas. 
 
Modelling the distribution of stone artefacts across the region reveals some clear 
patterns that demonstrate the success of GIS interpolation modelling of material 
proportion data in detecting unknown source areas. This approach to source zone 
mapping is potentially applicable anywhere in the world where archaeological data is 
abundant but source locations are poorly known. Further testing of the approach 
should be attempted in future, and regions where archaeological data are abundant 
and sources are very well documented, would provide a perfect test of the approach. 
Furthermore, such a study might also help reveal certain interpretive avenues into past 
human behaviour, particularly where disjunctions occur between interpolated hotspots 
and raw material outcrops, as these may point to cultural preferences and particular 
patterns of mobility, trade and exchange. Finally, geochemical characterisation and 
artefact sourcing would provide a further valuable test of source locations and 
predictive models, as attested by recent publications on this subject (Frahm, 2012; 
Koster, et al. 2012; Parish, 2011).  
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Figure Captions 
 
Figure 1: Boundary of Moreton Region Study area. 
Figure 2: Location of archaeological sites from which material proportions and 
retouch data were obtained for this study.  
Figure 3: Percentages of different material types found in the total site sample. 
Figure 4: Number of sites in which each raw material is present. 
Figure 5: Material Occurrence with different sampling techniques. 
Figure 6: Interpolated map of  material concentrations based on site proportion data. 
‘Hot spots’ are identified as dark areas of high material concentration. 
Figure 7: Interpolated maps of material concentrations of chert and silcrete with 
differing site sampling methods. 
Figure 8: Interpolation map for silcrete all sites) showing hotspots and the location of 
known silcrete quarries. Two of these quarries were found during ground truthing. 
Figure 9: Interpolation map for chert all sites) showing hotspots and the location of 
known silcrete quarries. 
Figure 10: Interpolated distribution of Wongawallen jasper showing the location of a 
known outcrop. 
Figure 11: Map of SEQ showing the location of the material frequency transect. 
Figure 12: Transect plotted showing proportions of material based on interpolated 
model. Left to right on the x-axis corresponds with a south to north transect through 
the study area. 
Figure 13: The Five major sub-catchments in the Moreton Region and associated 
sites. Brown: Brisbane River; Pink South): Logan-Albert River; Blue: Pine River; 
Purple: Maroochy River; Green: Nerang River. 
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Table 1: Geological features, found in areas of high concentration of materials, 
pertaining to relevant material. Geological data sourced from 1:25,000 Geology 
Map Whittaker and Green, 1978). 
Material Relevant geological features 
Chert Helidon Sandstone, Marburg Formation 
Neranleigh-Fernvale Beds 
Neranleigh-Fernvale Beds 
Quartz Neurum Tonalite 
Quartzite Landsborough Sandstone 
Petrie Formation 
Oxley Group, Ipswich Coal Measures, Brisbane Tuff 
Neranleigh-Fernvale Beds, Ipswich coal measures, Woogaroo Subgroup 
Walloon Coal Measures, Lamington Group 
Silcrete Landsborough Sandstone 
Landsborough Sandstone 
Woogaroo Subgroup 
Woogaroo Subgroup, Oxley Group 
Walloon Coal Measures, Marburg Formation 
Volcanic Neara Volcanics 
Chillingham Volcanics, Lamington Group 
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Table 2 Regression analysis of distance to geology with percentage of material in site 
 All Sites Sites Sampled by Size Sampled By Site Density 
 r2 p r2 p r2 p 
Chert 0.1396 0.0005 0.249 <0.0001 0.2191 0.0001 
Quartz 0.0846 0.0073 0.0769 0.0351 0.1513 0.0018 
Quartzite 0.0066 0.4632 0.0292 0.2 0.0061 0.546 
Silcrete 0.006 0.4841 0.0236 0.2499 0.0012 0.7896 
Volcanic 0.0147 0.2716 0.0099 0.4581 0.0111 0.4155 
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Table 3: Regression of 
Interpolated Surface to 
Known Quarry Sites 
Chert  
r2 = 0.0365 p < 0.0001 
Silcrete  
r2 = 0.1269 p < 0.0001 
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Table 4: Regression analysis of distance to rivers and streams with percentage of material in 
site 
 
 
All Sites Sites Sampled by Size Sampled By Site Density 
r2 p r2 p r2 p 
Chert 0.0263 0.1404 0.0267 0.22 0.1079 0.0092 
Quartz 0.0517 0.0375 0.0842 0.0271 0.1208 0.0056 
Quartzite 0.0571 0.286 0.0942 0.0191 0.0981 0.0132 
Silcrete 0.0115 0.3319 0.0402 0.1312 0.007 0.5184 
Volcanic 0.008 0.4196 0.0009 0.8221 0.0362 0.1387 
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Table 5: Sub-catchment comparison of 
material proportion and rivers and 
streams 
 All Sites 
 R2 P 
Brisbane 
Chert 0.0456 0.3166 
Quartz 0.0071 0.6953 
Quartzite 0.0184 0.5274 
Silcrete 0.0229 0.48 
Volcanic 0 0.9989 
Maroochy River 
Chert 0.1201 0.501 
Quartz 0.7686 0.0219 
Quartzite 0.0142 0.8219 
Silcrete 0.0849 0.5754 
Volcanic 0.015 0.8175 
Pine Rivers 
Chert 0.008 0.8487 
Quartz 0.0408 0.664 
Quartzite 0.4691 0.0895 
Silcrete 0.0951 0.5011 
Volcanic 0.0675 0.5736 
Logan-Albert Rivers 
Chert 0.028 0.4567 
Quartz 0.0094 0.6678 
Quartzite 0.114 0.1244 
Silcrete 0.083 0.1937 
Volcanic 0.0032 0.8015 
South Coast 
Chert 0.0314 0.5272 
Quartz 0.0923 0.2708 
Quartzite 0.0054 0.7942 
Silcrete 0.094 0.2664 
Volcanic 0.0443 0.4514 
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Table 6: Multi-Regression Model 
All Sites 
Chert: r2 = 0.4025 p = 0.0722 
Distance to chert geology p = 0.0722 Distance to quarry p < 0.0001 
Silcrete: r2 = 0.3002 p =0.0008 
Distance to silcrete geology p = 0.0201 Distance to quarry p = 0.0008 
Sampled By Site Size 
Chert: r2 = 0.4459 p < 0.0001 
Distance to chert geology p < 0.0001 Distance to quarry p < 0.0001 
Silcrete: r2 = 0.4087 p = 0.0010 
Distance to silcrete geology p = 0.0010 Distance to quarry p = 0.0048 
Sampled By Site Density 
Chert: r2 = 0.4993 p < 0.0001 
Distance to chert geology p = 0.0017 Distance to quarry p < 0.0001 
Silcrete: r2 = 0.4016 p = 0.0005 
Distance to silcrete geology p = 0.0504 Distance to quarry p = 0.0005 
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Table 7: Multi-Regression Model including River Distance 
All Sites 
Chert: r2 = 0.4221 p = 0.6353 
Distance to chert geology  Distance to quarry   
p = 0.0649 
p < 0.0001 p = 0.6353  
p = 0.6353 
Silcrete: r2 = 0.3161 p =0.1741 
Distance to silcrete 
geology p = 0.0365 
p = 0.0141 Distance to Rivers 
p = 0.0141 
p = 0.1741 p = 0.6353  
Sampled By Site Size 
Chert: r2 = 0.4486 p = 0.6046 
Distance to chert geology  p < 0.0001 Distance to Rivers 
p = 0.0312 
p < 0.0001 p = 0.0141  
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Figures 
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Figure 13 
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• We predict of the locations of likely lithic source zones using site data 
• Our predictions match well with the location of known quarries 
• We detect inter-observer inconsistencies in material identification  
• We examine the effects of secondary sources on material concentrations  
• We demonstrate the power of GIS to solve research problems in lithic technology 
 
